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THE ACTIONS OF COLCHICINE AND OF ETHYL-
CARBYLAMINE ON TISSUE CULTURES*
ROBERT TENNANT AND AVERILL A. LIEBOW
The profound effects of colchicine on mitosis have been known
for many years. Two views have arisen concerning the mechanism
of the apparent increase in dividing cells following the administra-
tion of this alkaloid. According to one view, colchicine stimulates
cells to fall into mitosis, while the other explains the increase on a
mere arrest of the cells in division. The former view has been
championed by Dustin and his collaborators, while Ludford and
later Brues and Bucher have supported the theory of arrest. The
latter theory forms the basis of the "colchicine technic" used by
many investigators in studying the growth of tissues under the influ-
ence of various agents.
In an effort to bring evidence to bear on this problem, we have
applied quantitative methods employing the tissue culture technic.
In vitro, in contrast with the conditions obtaining in the body, the
concentration of colchicine actually in contact with the cells is accu-
rately known, at least at the beginning of the experiment. Further-
more, the method allows the observation of cells in toto, without
sectioning, so that counts of chromosomes can be made. In our work
the action of colchicine was also compared with that of other
substances.
Methods and materials
Tissues were grown in Carrel flasks employing a method designed for
making observations of the expansion rate of the colonies in a simple and
accurate manner. The Carrel flask permits a more accurate control of the
concentration of all substances than do the various hanging-drop methods.
The tissues studied included a theelin-induced mammary carcinoma of Strong
A mice (Yale carcinoma No. 1) and heart tissue of new-born mice.
Supporting medium. Washed plasma clot (chicken) served as the support-
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ing medium. A modification of the usual method was used to facilitate
orientation of the colonies and to yield clots which would not readily come
loose. These two properties were essential for accurate measurement of the
explant. The method consisted of enclosing the explants between a basal
layer of normal plasma and a superficial layer of diluted plasma. The basal
layer was prepared on the day before explantation by introducing 0.5 cc. of
normal rooster-plasma into the flask and coagulating it with 0.2 cc. of chick-
embryo extract (1 to 9 by volume of nine-day embryos). The medium was
spread over the entire inner surface of the flask in order to reduce difficulties
resulting from water of condensation. The flasks were left at room tem-
perature for several hours and 1 cc. of Tyrode solution was spread over the
clot. The flasks were stoppered and incubated overnight. The Tyrode
solution was then removed and the explants, usually six in number, were
placed in the desired positions. A layer of 0.5 cc. of rooster-plasma diluted
1 to 3 with Tyrode was now introduced and allowed to coagulate. It was
not necessary to add more embryo extract for this coagulation. The coagu-
lum with the contained explants was washed twice, each time with 1.0 cc.
of Tyrode solution. After this washing, nutrient medium was added in a
volume of 0.5 cc.
Nutrient media. The nutrient medium consisted of rat serum obtained with
precautions to prevent hemolysis and diluted 1 to 3 with Tyrode solution.
Normal Tyrode solution was made according to Gey and Gey.
Patching. To prevent liquefaction of the clot by the Yale carcinoma No. 1,
the cultures were patched after 24 hours of growth. This was done by
adding 0.2 cc. of the diluted rooster-plasma after the removal of the nutrient
medium. Coagulation occurred spontaneously and the cultures were then
washed and fed as before. It was not necessary to patch the heart tissue.
Structure of experiment. After a preliminary period of growth of at least 36
hours the colonies were considered suitable for a determination of expansion
rate. This is at a period when multiplication of the cells, rather than migra-
tion, is chiefly responsible for increase in the size of the colony. The flasks,
each containing six explants, were divided into control and experimental
groups, usually of 25 colonies. The area of each colony was then measured.
During the period of measurement, approximately one hour, all the cultures
were kept stoppered at room temperature. At the end of this time the col-
chicine was added in a volume of 0.2 cc. of Tyrode solution so that the final
desired concentration (from 1:2 million to 1:512 million) was attained. It
was assumed that the volume of the coagulated plasma had not changed and
this was included in determining the final dilution of the colchicine. Each
control flask received an addition of 0.2 cc. of Tyrode solution. After a
period of incubation the colonies were again measured. All of the cultures
were kept at room temperature during the measurements.
Determining the expansion rate. The outlines of the colonies were traced
with the aid of a projectoscope designed to hold the Carrel flasks. This was
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done by means of a mechanical stage fitted with a flask-holder that makes it
possible to rotate the flask about a vertical axis. By numbering the colonies
in rotation from the neck of the flask it was easy to identify them at the
second measurement. The source of illumination did not injure the colonies
by its thermal effect. The areas of the images of the colonies drawn on paper
were measured by means of a planimeter. The area of the colony at the
beginning of the experimental interval (A) was subtracted from the area at
the end (B). The difference (B-A) was divided by B. This gave the
increment in area of the colony during this period per unit of area at the end
of the interval. For convenience the value was multiplied by 100,000. To
obtain the expansion rate, this value was divided by the number of hours in
the interval. The means of these values for the control and experimental
groups were computed, together with their standard deviations. The proba-
bility of the significance of the difference of the means was examined by the
use of Fisher's "t" factor.8
At the end of the experiment the supernatant was withdrawn and the
entire plasma clot, with its embedded colonies, was fixed in 10 per cent for-
malin in normal saline. The fixed colonies were mounted on slides and
stained with Harris' hematoxylin diluted 1: 30 with distilled water.
The procedures described in the preceding paragraphs may be summarized
in the following schema.
1. Explantation of tissues
2. Washing e
3. Feeding I
4. Patching For tissues
5. Washing ~~~liquefying the medium
6. Feeding J J
7. Setting up for experiment
8. Measuring
I. Cytology
Colchicine. In the case of the carcinoma, within 30 minutes after
colchicine was introduced into the medium in a concentration of
1: 8 million, all of the mitotic figures were found to be comprised of
short, thick chromosomes arranged in a roughly spherical mass near
the center of the cell (Figs. 6 and 7). Within an hour, the chromo-
somes in some cells became much shorter and were widely dispersed
throughout the cytoplasm, as described by Ludford. (See Figs. 5,
8, and 9; compare with Fig. 2.) At the end of two hours, all of
the mitoses showed these changes and no typical anaphases or telo-
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phases were seen. There was now a large increase in the proportion
of cells in mitosis, which became maximal at nine hours. This is one
of the most striking effects of colchicine. The clumping of chromo-
somes into compact groups was observed soon after dispersion (Figs.
10 and 1). As early as nine hours after the introduction of colchi-
cine, many of the cells were seen to contain numerous small nuclei
("micronuclei" of Brues), probably derived from the swelling of the
clumped masses of chromatin, but many of the cells had undergone
necrosis with extrusion of pyknotic nuclear debris. In figure 11 is
illustrated a cell with dumping of chromosomes adjacent to one
showing micronuclei, which are demonstrated also in figure 12. Con-
centrations as low as 1: 128 million produced similar changes, but
only after a longer interval of time, e.g., 16 hours. With minimal
doses, the cytological changes resembled the initial changes produced
by stronger doses,-central, radial clumping.
In the case of the normal cells from the heart of the new-born
mouse, the changes produced by the colchicine were similar with
regard to morphology, concentration, and sequence. With certain
doses acting over certain intervals, e.g., 1: 16 million from 16 to
29 hours, all of the morphological changes may be seen in the same
preparation. Dispersion is illustrated in figures 13, 14, and 15,
clumping in figures 16 and 17, and micronuclei in figures 18 and 19.
When the individual chromosomes were counted in the normal
cells, their numbers in many instances were found to be increased
much above the diploid, a change produced perhaps by dispersion
of the halves of the longitudinally split chromosomes which form
during the prophase or early metaphase (Fig. 15, and Figs. 13 and
14). When clumping takes place later, and micronuclei form, it
is possible that one cell may receive a chromosome moiety that falls
to the lot of two daughter cells normally. The subsequent fate of
such cells was not studied in the present work. This process may
be analogous to that underlying the formation of multiploid mitoses
observed in plants by Blakeslee and others.
Ethylcarbylamnine, whose capacity for inhibiting the Pasteur effect
was demonstrated by Warburg, was found to produce changes in
mitosis identical in character and sequence with those of colchicine
(Figs. 20, 21, 22, and 23). This was true both for the mammary
carcinoma and for the mouse-heart tissue. The range of effective
concentrations was smaller (1: 2,500 to 1: 15,000). The rapidity
of transformation was greater and the accumulation of arrested
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mitoses was less. By 9y2 hours at 1: 6,250 very few cells with dis-
persed chromosomes were seen. Most of the colonies now contained
pyknotic granules of basophilic material and cells with micronuclei
or resting nudei. At 24 to 30 hours, extremely few cells were
found in mitosis, although such mitoses as were present were typical
or contracted. Some colonies showed no mitoses at all at this time
(Fig. 23).
I. Viability
Despite prolonged action of colchicine and of ethylcarbylamine
upon the mammary carcinoma, which produced profound nuclear
changes, the cells were demonstrated to be still viable by implanta-
tion of cultures into mice and by subculturing in vitro. In the case
of colchicine, a colony exposed for 9>2 hours to a concentration of
1: 16 million grew when inoculated into the subcutaneous tissues of
an A-strain mouse, and ultimately killed the animal. Subculturing
of colonies resulted in irregular growth of granular cells from
mother cultures exposed for 9X2 hours to concentrations up to 1: 128
million. When colchicine in higher dilutions had acted upon the
mother cultures, the derivative cells grew excellently, with no
notable changes. Similarly, ethylcarbylamine acting for 30X2 hours
in a concentration of 1: 6,250, which produced striking alterations in
morphology, did not kill the cultures, as was demonstrated both by
subculture and by inoculation of a mouse.
III. Expansion rate of Yale carcinoma No. 1
Concentrations of colchicine greater than 1: 64 million produced
a marked reduction in the expansion rate of the colonies (Table 1).
The greater the concentration of the drug, the greater the inhibitory
effect. The mitoses, as described above, were atypical at any con-
centration where inhibition of growth was observed. Their numbers
appeared greatly in excess of those in the controls. At higher dilu-
tions, e.g., about 1: 256 million, colchicine ceased to have an inhibi-
tory action and, indeed, in some instances, the expansion rate of the
colonies was slightly but not significantly higher than that of the
controls. In experiment 171, at a concentration of 1:128 million,
the expansion rate of the colonies seemed to be augmented. No
mitotic abnormalities were observed in the experimental group.
Many attempts were made to repeat this observation (Table 1,
Experiments 171-260) but without a statistically significant result.
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The growth of the cultures was inhibited by all concentrations
of ethylcarbylamine greater than 1: 25,000. An example is pre-
sented in the graph.
The number of mitoses in the colchicined colonies was deter-
mined and correlated with the expansion rate of the colonies in
an effort to determine whether colchicine stimulates or inhibits
karyokinesis.
IV. Evidence regarding the stimulation or inhibition of
mitosis by colchicine
By employing the expansion rate factors it is possible to calculate
the number of cells at the end of the measurement interval. It can
now be determined whether the number of
excess mitoses in the experimental group EXP 165.
exceeds or falls short of the expected number. EFFCT OFEYWARBYLAMINE r ON EXPANSION RATE
If the former is the case, stimulation of cells 2500.
to enter mitosis would be demonstrated; if the nuft
latter, an inhibitory action would be manifest. 2000-
The expansion rate (E. R.) has been
defined as follows: 1500-
n 16
If A equals area of colony at start of measure- 1000 a *
ment interval and B equals area of colony at end of z 8
measurement interval 0 " a:.o
Then E. B-A | 07 B 0 LJ
-t * 11.3
We may assume that the colonies at the 44V.to53*hour
beginning of the interval are of equal size and
are composed of 1000 cells, each representing one unit of area.
Then the number of cells at the end of the measurement interval
(B) will be:
1000
=l-E. R.
Let B, be the value thus determined for the control group and
Be similarly for the experimental group. Then Bc- Be equals the
number of cells by which the control colony exceeds 'the experi-
mental one at the end of the measurement interval. Since one cell
in mitosis gives rise to two daughter cells, Bc- Be also equals the
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number of cells expected to be in mitosis in the experimental group,
if colchicine acts merely to arrest mitosis.
The percentage of cells in mitosis can be determined by direct
observation. This was actually done by counting from 1200 to
3500 cells in each group. The number of cells in mitosis may be
calculated by multiplying Bc and Be respectively by the correspond-
ing percentages. Call these Mc and Me respectively. Then Me -Mc
represents the number of mitoses by which the experimental exceeds
the control group.
If there is arrest of karyokinesis, and neither stimulation nor
inhibition, then:
(Bc-Be)-(Me-Mc) =0
If the difference gives a positive value, then there is inhibition, and
vice versa. For convenience we may call this difference the "mitotic
difference." The data obtained in actual experiments are recorded
in Table 2.
TABLE 2
Exp. (1) - (2) (3) (4) (5)
No.* Grou.p E. R. B M Be-Be M's-Me (4)-(5)
Control .1995 1249 30
164 l_.-
Col. 1-8m. .0373 1039 47 210 17 +193
Control .2157 1275 18
171 1-16 m. .1 139 1476
Col. 1-16M. .1158 1131 95 144 77 + 67
Control .2734 1376 17
168 Col. 1-16 m. .0543 1057 101 319 84 +235
Col. 1-64 m. .1000 1111 112 265 95 +170
* See Table 1 for other data relative to these experiments.
In each case the "mitotic difference" is found to have a positive
value. Furthermore, the lower the concentration of colchicine the
less the mitotic difference. This suggests that colchicine in the con-
centrations studied has an actual inhibiting effect upon mitosis as well
as a possible arresting effect. These effects are not absolute, since
thecolonies actuallyincrease in area duringtheperiod of observation.
Sources of error.
The assumptions are made that the cells in both the control and
experimental groups are of the same size and that cells in mitosis
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are equal in size to the resting cells. Since most cells are in the
resting phase, and since actual observation reveals no notable dis-
crepancy in size, the error from the latter source is slight.
It may be argued that part of the expansion of the colony may
result from migration of cells. This, however, is much less likely
in the case of a colony of carcinoma cells where a membranule is
formed than in the stellate colonies of fibroblasts or sarcoma where
actual outwandering may be observed. Evidence for the relative
importance of mitotic activity as the cause of expansion of the colony
during the period of observation is afforded also by the fact that in
any particular experiment the "mitotic difference" as above defined,
becomes less the lower the concentration of colchicine (Table 2,
Experiment 168) and the closer the colonies approach each other in
area at the end of the interval of measurement (compare Bc and Be
in each group).
It may be concluded that at the concentrations studied colchicine
does not stimulate cells to enter mitosis despite the apparent accumu-
lation of mitoses in the treated colonies. In fact, it is highly prob-
able that it inhibits the initiation of mitosis and also arrests mitoses
once in progress.
Discussion
Every observer has been struck by the apparent increase in divid-
ing cells in both normal and neoplastic tissues following treatment
with colchicine and many have assumed that the drug stimulates
cells to fall into division. But mitoses may seem to accumulate if
the duration of the dividing phase is prolonged and the growth of
the tissue actually slowed. The "rate of mitosis" cannot therefore
be determined by inspection of a single preparation with its control.
It is necessary to know not only the number of mitoses that have
taken place within a given tissue but also how many have gone to
completion in comparison with a control during the period of action
of the drug. The present work, based on this principle, leads to the
conclusion that the action of colchicine is one of inhibition and
arrest of the mitotic process, rather than of stimulation. The argu-
ment that cells in tissue culture are multiplying at a maximum rate
and, therefore, cannot be stimulated further, is not valid under the
conditions of the present experiment, since addition of chick-embryo
extract to the medium resulted in an increase in the expansion rate
of the colonies.
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Ludford early considered the process one of arrest rather than
of stimulation, since the number of mitoses seemed to be propor-
tional to the rapidity of growth of the many tissues that he studied.
Quantitative evidence of arrest in regenerating rat liver was fur-
nished by Brues. In Bucher's work, published since the completion
of the present experiments, the rate and duration of mitoses in tissue
cultures of rabbit fibroblasts was studied by means of motion pic-
tures. At a concentration of 1: 30 million, fewer cells were found
to enter mitosis per unit of time in the treated cultures and the dura-
tion of the mitoses was prolonged. These effects were stronger with
colchicine in a concentration of 1: 20 million.
In the work of Lits and of Paff, who support the theory of
stimulation, no quantitative comparison of the total number of newly
formed cells in the control and treated cultures is reported. The
latter found that in certain cross-sections of chick embryos to which
colchicine had been applied the number of resting as well as of
dividing cells was increased, but many of these embryos were abnor-
mal in structure, and the total size of the parts in question was not
compared with that of untreated embryos.
Summary
Colchicine reduced the expansion rate of colonies of a mouse-
breast carcinoma in vitro in concentrations as low as 1: 64 million.
Considering this fact, the rate of mitosis was found to be reduced,
but the mitoses accumulated. The mechanism of this arrest is not
fully understood.
Under the influence of colchicine in cells derived from the heart
of the new-born mouse, chromosomes longitudinally split during the
prophase or metaphase may be dispersed throughout the cytoplasm.
Then a nucleus or group of small nuclei may be reconstituted with-
out division of the cytoplasm. This results in cells whose chromo-
some number exceeds the diploid. The properties of these cells in
animals require further study.
Despite profound nuclear changes, the carcinoma cells may
remain alive, as demonstrated by successful reimplantation into ani-
mals and transplantation to fresh media.
The effect upon mitosis of ethylcarbylamine, a substance known
to inhibit the Pasteur phenomenon, is similar to that of colchicine,
but occurs over a narrower and higher range of concentrations.
48COLCHICINE ACTION ON TISSUE CULTURES 49
REFERENCES
1 Blakeslee, A. F., and Avery, A. G.: Methods of inducing doubling of chromo-
somes in plants by treatment with colchicine. J. Heredity, 1937, 28,
393411.
2 Brues, A. M., Drury, D. R., and Brues, M. C.: A quantitative study of cell
growth in regenerating liver. Arch. Path., 1936, 22, 658-73.
3 Brues, A. M., and Jackson, E. B.: Nuclear abnormalities resulting from inhibi-
tion of mitosis by colchicine and other substances. Am. J. Cancer, 1937,
30, 504-11.
4 Brues, A. M., and Marble, B. B.: An analysis of mitosis in liver restoration.
J. Exper. Med., 1937, 65, 15-27.
5 Bucher, O.: Zur Kenntniss der Mitose. VI. Der Einfluss von Colchicine und
Trypaflavin auf den Wachstumsrhythmus und auf der Zeilteilung in
Fibrozytenkulturen. Ztschr. f. Zellforsch., Abt. A., 1939, 29, 283-322.
6 Dustin, A. P.: Contribution a l'etude de l'action des poisons caryoclasiques sur
les tumeurs animales. Action de la colchicine sur le sarcome greffe, type
Crocker, de la souris. Bull. Acad. Roy. de med. de Belgique, 1934, 14,
487-502.
7 Dustin, A. P.: L'action de la colchicine sur les tumeurs malignes. Leeuwenhoek
Vereeniging, 4e conf., Amsterdam, 1935.
8 Fisher, R. A.: Statistical Methods for Research Workers. 5th ed., Oliver &
Boyd, London, 1934.
9 Gey, G. O., and Gey, M. K.: The maintenance of human normal cells and
tumor cells in continuous culture. Am. J. Cancer, 1936, 27, 45-76.
10 Lits, F. J.: Recherches sur les reactions et lesions cellulaires provoquees par la
colchicine. Arch. internat. de med. exper., 1936, 11, 811-901.
11 Ludford, R. J.: The action of toxic substances upon the division of normal and
malignant cells in vitro and in vivo. Arch. f. exper. Zellforsch., 1936,
18, 41 1-41.
12 Paff, G. H.: The action of colchicine upon the 48-hour chick embryo. Am. J.
Anat., 1939, 64, 331-50.
13 Warburg, O.: The Metabolism of Tumours. Constable & Co., London, 1930,
pp. 242-53.met| l l .- .......... - Zq.1XA.'aphase.X 100 0
Fig. 4.164B. reast arcinoa. Conrol. Fxed 44h hour x220f.'' _S~~~~~~~~~~~~
Fia 2. 14Hiras.acnma oto Fixed 7t hu. Clinmtssatmapse
xI 0""'
Fi-3 'StogAmueha. 1da Cotro.Sbclue Fie 1,_dy.Cl in mitosisa
metaphase. 1000
Fig. 4. 164B. Breast careinoina. Control. Fixed 44t hour '. X20
..w
N ;.12:
FIG. . 92s. Breast carcinoma. Colchicmne 1:8 million. Fixed 12th houir. Many cells in mitosis.
Dispersed chiromosomes. X 170.
FIG. 6. 80E. Breast carcinoma. Colchicine 1:32 million, 92 hiours, low power, contracted meta-
phases. A few cells with dispersed chiromiosomes. X 70.
Fio. 7. 80E. Breast carcinoma. Colchicine 1:32 million, 91½ hours, high power, contracted meta-
phases. X800.
FIG. 8. 92r. Breast carcinoma. Colchicine 1:8 million, fixed 9½ hours. Dispersed chrioosomes.
x1500.
FIG. 9. 164G. Breast carcinoma. Colchicine 1:8 million, fixed 91½ hours. Dispersed chromosomes.
x1090.
FIG. 10. 164F. Breast carcinoma: Colchcine-1:8- million, fixed 9½2 hours. Contracted chromosomal
mass. Some dispersed chromosomes showing longitudinal splitting X800.
FIG. 11. 164E. Mouse carcinoma.. Colchicine 1:8 million, fixed 9½1/ houirs. One cell Showing
pyknotic chromi-osomnal masses; another showing micronuclei. X PM0.
FIG. 12. 164F. Breast carcinoma. Colchicine 1:8 million, fixed 91/2 hiouirs. Micronuiclei. X 1000.
I k rFIG. 13. 170F. Mouse heart. Colchicine 1:16 million, fixed 162 hours. Dispersed chromosomes,
some exhibiting longitudinal splitting. X 800.
FIG. 14. 170F. Mouse heart. Colchicine 1:16 million, fixed 161½2 hours. Dispersed chromosomes,
some with longitudinal splitting. X800.
FIG. 15. 170F. Mouse heart. Colehicine 1:16 million, fixed 16% hours. Cell with at least 45
chromosomes. X1000.
FIG. 16. 170F. Mouse heart. Colchicine 1:16 million, fixed 16½ hours. Cell with 7 chromosome
bouquets. X 1000.
FIo. 17. 170G. Mouse heart. Colchicine 1:16 million, fixed 16% hours. Pyknotic chromosomal
masses. X800.
FIG. 18. 170F. Mouse heart. Colchicine 1:16 million, fixed 16% hours. Micronuclei. X800.
FIG. 19. 170F. Mouse heart. Colchicine 1:16 million, fixed 16½ hours. Micronuclei. X 1000.
xlFIG. 20. 144A. Breast carcinoma. Ethylcarbylamine 1:6,250. Fixed 2 hours. Dispersed chromo-
somes. X800.
FIG. 21. 146B. Mouse heart. Ethylcarbylamnine 1:6,250. Fixed 21½2 hours. Pyknotic chromosomal
masses. X1000.
FIG. 22. 144B. Breast carcinoma. Ethylcarbylamine 1:6,250. Fixed 11½ hours. Micronuclei.
x800.
FIG. 23. 138B. Breast carcinoma. Ethylcarbylamine 1:2,500. Fixed 30th hour. Amitot.c state.
x170.